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ABSTRACT
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The fission cross section of 25 has been compared with the activa-

tion cross sections of Au197 and Mnss. The detestion of these radicactive mon-

itors was calibrated by the method of coincidence counting. The results ares

(op/ohulen = 537 ¥ 0.32
(%/oﬁn)th = L2axe2
From these

(0h)ep = 526 £30 x 1072 o2

From this and the absorption values o3(25) = 6L5 = ',1.0':’21'L on® and o (Au)

=9 x 10"2)‘* cma, the ratio of competing radiative capture to fission appears
to be

= o io .
(Ob)kT-023 0.08

NCLASSIFIED

APPROVED FOR PUBLI C RELEASE



APPROVED FOR PUBLI C RELEASE

-3~

FISSION AND RADIATIVE CAPTURE CROSS SECTION OF 25 FOR THERVAL NEUTRONS

INTRODUCTION

Precise measurements of the total crass section of 25 for removing
thermal neutrons from a bsam have been made by Fermi 1) and by McDaniel et al 2>;

In the past it has begn generally assumed that the only process avail-
able for removal was the (n,f) préc?ﬁsb Doubts were cast on this assumption by
a) the sharp fission resonances observed by McDuniel 2) which indioate that the
compound nucleus 26* has a sufficiently long 1ife to permit appreciable competi-
tion by (n,a'); b) relative meas&rements by Farwell and othors 3) of activation
oross sectiona for nsutron-induced radicasctivities compared with (c§)25, wh;ch
seemed to indicate consistently higher results than obtained by other methéds,
when the known absorption cross section of 25 was used, It was pointed out that
thesd difficulties would be removed if one could demonstrate thé existence of a
competing process, such es (no?{) with a probability comparable with that of (n,f).

The ratio of these probabilitiea shall be called ¢,

The purpose of this investigation is to elucidate this point by meas-

1) Fermi, CP-1389.
2) Anderson, Lavatelli, McDaniel and Sutton, LA=9l,
3) LAMS=L8,
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=
uring u}(25)/%;(ﬁu) and comparing it with the value of 03(25)/5;(Au) obtaine

ed from transmission measurements, Eliminating o;(Au), which is of course as-
sumed equal to o/(Au), one obtains 1+ & = 93,(25)/04(25). '

In these formulae o~

w denotes the total absorption cross section, i.e.

the sum of the cross sections for competing processes.
In Part A we discuss the absolute memsurement of the nsutren flux, in
Part B the determination of the counter efficiency, in Part C the fission counte

ing, and in part D the results of the observations are caloulated and discussed,

A, ABSOLUTE MFASURFMENT OF THFRMAL NEUTRON FLUX

1. General Consideretions

Most measurements of slow neutron activation cross sections involve

expressions of the type
nv - nP/of,&PN (1)

whers nP is the number of induced processes observed per unit time,
¢, is the efficiency of the instrument used for obgerving the process P,
oé is the cross section of a detector atom for this process,

N is the number of atoms of detector raterisl,
Tﬂia equation may be solved for 0% if the neutron flux nv is known, In or-
der to put such measurements on an absolute basis we must have at least one ab-
solute standard for which o% is known from independent measurements. These
latter usually consist in transmission experiments, which determine the total

cross section for removal of a neutron, og. If there are processes P' alter=

native to P, fo;- which ':Of)' = o o, then Ui, = o;/(l-&- ). If the detector

P

APPROVED FOR PUBLIC RELEMEC LASSTFIED




APPROVED FCOR PUBLI C RELEASE
=5e
is a mixture of isotopes, P' may, of course occur in a different isotope than .
P. Applying Eq. {1) both to a standard A and an unknovn B, vhich has no com-

peting process, we can eliminate nv and get

ofy = T By Ny G004 L) 0, Ny & (2)

A suitable standard detestor must permit accurate determination of
all relevant quantities in Eq. (2). This means a) oy >) 03, ¢y being the

scattering cross section, to permit accurate transmission measurements. Also

‘ 4

o2 should varj in a simple way with neutron velocity in the thermal region,

a
preferably as 1/v. b) o, should be negligibly small or well known from other
experiments. ¢) F, should be of such a nature that EA can he determined
acourately. d) The quantity of detsctor material used must be such that it can
be accurately weiphed or otherwise determined,

The process most commonly used as absolute stand;rd is Blo(n,,, ). It
gsatisfies condition &) above very well, and, when used as BF3 ges, also conditions
¢) and d), When it hes to be used as foils, however, ¢) and d) require consider=-

L)

able care » Condition b) is generally assumed to be satisfied, although ra-

diative capture by either 87 or Blo cannot be entirely excluded as a remote
possibility. A similar situation exists with respest to Li (n,p).

In many respects the process 25 (n,f} seems to have desirable Pprop=
erties as absolute cross section standard, because of the relative ease of expers
imental procedure and because it lends itself readily to measurements at higher
energies, A number of activation cross sections have been measured by comparison

with 25, However, when the value (055)}{.1. = 645, found from transmission ex-

L) Bailey, Blair and Russell, LA=90,
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i
peg-{mentq 1), 2) was used for o7, the resultant values of a number of oross
aeotions for induced radioactivities were consistently higher then those found
by other methods 3 ), It was pointed out by Parwell and Segre5 ) that this might
be dus to ancther process competing with the fiassion. Since :l:hen (c})zs has

L)

been compared with B (n, o) by Balley &t al and with 1i (n,p) by Formi

found by trans-

ot al 5) and by Bailey, Both authors find of smaller then o

mission, the ratio being 1.21 (Fermi) and 1.16 (Bailey) respectively.

It sesmed desirable to meesure o;. by comparing with a capture process
leading to a radiosctive isotope, both because the possible diffioulties of the
other methods could be checked by .lm independent method and because the great
convenience of the uss of radicactive monitors led us to hope that the method
might lend itself to absolute msasurements.

2. Induced Radiosctivities as Absolute Standards

The neutran induced sctivation of materials such as In, Mn, and Rh,
has been used for a long time for the relative measurement of thormal neutron
flux. In order to extend the method to absolute measurements we must find suit-
able substances satisfying conditions a) to d) of Section l. These conditions
limit ue to substances having only one isotope (condition b), a large cross soc-
tion (&) and for which the induced radiocactivity shows a fairly simple and well
understood disintegration scheme (c) and no isomeric states (b), Unfortunately
indium, which has a very convenient cross section and half life is ruled out by
conditions b) and ¢c). In fact the only substance satisfying all oconditions and
whose oross section has been measured accurately by transmission seems to be Au197°
Ve have therefore used gold as our absolute standard. A few measurements wore

also made using un55 » but its oross section is, at present not suffioiently well

5) Permi, CP=1531,
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known to yield the desired accuracy,
If a substance ylelding a radiomctive product with decay constant A
is sxposed to ne\xtroﬁs for a time T &and the rate of productioh of active atoms

is n(t), +then the rats of decay at the end of bombardment is

nt

T
X‘L n{t)exp(= \t)dt (3a)

vhich may be solved for n, if n is constent.

n = n‘/[lmoxp(e\)\'r)] {3b)

which becomes, for very long exposure, n = n®, For very short exposures, it 18

n = (a0/AN(1-EN1)"} (3c)

This means that any error in A enters directly inte n, fq. (2) unless
T >)1/A which is impractical in the case of Aul98° tn the besis of published
rogults and of a number of measurements of our own wo used )\Au = (1,78 + 0,02)

x 10‘”1‘ min~1

o In the case of Mn56 we used the value >\Mn = (Loli6 T 0.0L) = 1072
min°1, confirmed by many experimenters,

The capture oross section of gold has been measured with velocity

selectors by Fermi et al 6) and by MoDaniel 7 o The latter author also showed
that it obeys tho l/v law in the thermal region., The values for & nsutron veloce

ity of 2,2 x 10° cm/ssc are 93 (Fermi) and Sl (McDaniel) x 10°2}" cmS. We have

6) Permi and Marshall, J., CP=1255.

7) Anderson, Lavatelli, McDaniel and Sutton, LA=93.
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used the value (94 % 2) x 10°2h cmgo

In the case of Mn, no velocity seloctor neasuraments are available
because of the small value of the cross section. We have used the value
13 x 1072 o2 ¢ 107 as the most probable value for (o‘)kT from a number of
measurements 2

There afe, at present, essentially three methods for the determination
of the nmumber of disintegrations taking place in a source of beta rays. A. Com-
plete detectién, involving a "L 'counter” of some type. It is applicable if
there is at least one electron per disintegration and no delayed radiations,
The use of extremely thin sources makes it difficult to satisfy condition 4},
Section 1 and is generally somewhat inconvenient., B. Calibration by coincidence
counting, This method is discusased in Section 3, It is applicable if the dis~
integration scheme is reasonably simple and its relevant phases well understood,
and if some .3’ rays are emitted, C, Calibration by natural scurces. This re-
fers e standard ultimately to alphsa ray counting. It ias applicable when there
is one and only one slectron per disintegration and if the besta rays are fairly
penetrating, We used methods B and C for these measurements in the case of gold,
sttaching more weight to the results of the more ecourate method B, which was

the only one used in the case of Mn.

8) Kubitschek, CP=-1389,
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B. DETERMINATION OF COUNTER EFFICIENCY BY COINGIDENCES

%, Method

The principle of the method has beon disocussed by Dunworth 9) « Cone
sider, first, the simple disintegration scheme shown in Pig. 1A, with a simple
beta ray spectrum accompanied by & single gamma ray. If such & source is placed
between a beta and a4 gamma ray counter in an arrangement such as shown in Fig. 2

waich allows us to count pulses in each counter as well as coincident counts,

then we have for these counting rates

n‘, 3 B, 6.(5 (143)
n.( = no Ca’ . (L“b)
Rooime = Po s G"b’ (he)

where n, 1is the rate at whioh disintegrations take place and the ¢'s are

the net efficiencies of the two counters. These equations can be solved for the
efficiencies and for n o If the disintegration scheme is more complicated we
can write more general formulas, provided none of the radiations are delayed, If
the various modes or “paths™ from the initiaml to a final state have relative probe

abilities fk we have

9) Dunworth, Rev. Sc. Imst., 11, 167 (1940).
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m o= E (f T &) - (5a)
B2 =& (fi & ¢'y) (5b)
Bcoine = Mo g(fk“;-ﬁ;ei €5) (50)

The efficiencies of the two counters for the same radiations are distinguished
by the prime and the surmations over i ond j extend for each k over the
radiations involved in the k?th mode of decay. The application of these formulas
to the schemes shown in Fig. 1B and 1C will be discussed in later sections. They
assume that for each k and each countér €y (-:3 (i # j) is always negligible
compared to one of the two ¢'s8 involved.

4. Apparatus

Two sels of counters were used in these experiments, All of the count-
ers were of the "fast" argon = alcohol type. FPig. 2 shows the arrangement used
for actual calibration, seen from above. The bell type beta ray counter had a
mica window about 5 mg/bm? thick and the gemma ray counter was made of a brass
tube on the inside of which a thin film of bismuth was plated to increase the
efficiency for low energy gamma rays. The sources, discs 2,07 om in diameter,
were mounted on the brass slide with "scotch tape®, For soms preliminary meas-

N
urements a pair of thin walled aluminum counters was used, one with its axis
vertical, the other horizontal., One of them could be used as gamma ray counter
by sliding a thin lead oylinder over it. Sources were mounted between the two

counters on a brass slide similar to the arrangement shown in Fig. 2. Both sets

of counters were enclosed in a lead shield 2 to i inches thick.

-
-M_
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It is very important that the counters used should not show double or

wlle

"satellite" pulses which arc usually due to inadequate gquenching of the discharge.
Inspsction of Eqs. (L) shows that such multiples, which do not, of courss, co=
incide w%th other radiations, would lead one to underestinate the efficiencies
of the countera, Threo tests were made for the presence of ""satellites™, The
pulses were observed on an oscillescope and showed ro signs of doublets., The
counters had plateaus whioch were flat (less than 2 percent rise) over a range
wiich initially exceeded 100 volts, This is a good indication of adeguate
quenching. 7The third test consisted in the following experiment, A source of
Rak was placod‘Pn one side of the pair of thin-walled counters and these wers
masked in such a way that all) of the beta rays entering the second counter had
to pass through the first. Since a counter will record every particle entering
it, provided the counting rate is not too high, the coincidence counting rate
should be equal to the counting rate of the second counter, Failure to be so
would indicate multiple counts in the second counter or failurs to detect all
coincidences, because of time delays etc, It was found that the two counting
rates were equal unloss the gate of the coincidence circuit was chosen too nar-
row, The resolving time used in practice was hlfuseco Once it was shown that
both thin-walled counters behaved properly, the result could be extended to the
other pair of counters by showing that the musber =n, in Eq. (L) was found the
aane in both pairs if the same source was used,

It is easy to see that Egs.(l) and (5 require that the efficiency of at
least one of the two counters should be independent of the part of the source
from which the radiation is emitted, It was ascertained that this condition was
slways fulfilled for thé gamria ray counter by noting that the counting rate due

to a given source was the same whether it was spread out over the entire area of
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2 cm diameter or folded into a small square at the center. Also the thickness

of all sources was such that self absorption of gamma rays was negligible,

5. Disintegration Scheme of Aulga

The radiations of Anlgs have been studied by a number of workers, with
results which are in general consistent. The achems shown in Fig. 1B is based
on unpublished work done at MIT. Some of the exporiments which have a direct
bsaring on the validity of our counter calibraticn were as follows, Orbital eleg-
tron capture was shown to be absent or at least rare because all of the X-rays
were found to coincide with beta rays and are therefore due to the internal con-
version process, The probable error of this experiment is not available but was
probably fairly large. The effect of orbital slectron capture would be to intro-
duce an (@, into Eq. (2). Since the only conversion electrons of sufficient en-
ergy to penotrate the beta counter are the 5 percent due to the 410 kev gamme ray,
as shown in the beta ray spectrometer, and these coincide with the disintegration
beta rays (see below), there are no delayed electrons which could affect our cal-
ibration. It was also shown that the very sof't conversion electrons coincide with
" the beta rays, by placing a source directly insido a counter, It is extremely
unlikely that any delayed gamma reay should fail to be internally converted., Studies
of secondary electron spectra showed no trace of any ganma rays not accounted for
in Fig., 1B, We may conclude that there are no delayed radiations., To determino
the number of converaion electrons ontering the beta ray counter a thin (Smg/bm?)
source of gold was placed bstween the two thincﬁalled counters. Only conversion
elactrons due to Y, are energetic enough to enter the counter. It is easy to

show from Eg. (5) that, to a sufficient approximation

/n

= €
co:mc ﬁ 1 conv

(6)

APPROVED FOR PUBLI C RELEASE
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if the two counters are reasonably symmetrical. Here e is the conversion co=
efficiont as indicated in PFig. 1B. The fraction of all particles which are con=
version electrons is given by a, ekony/zﬁ . 6@ is found from & bete-gamma co-=
incidence experiment for the particular gecometry used, The result of the experi-
ment was that 6 L 1 percent of the particles were conversion electrons, in good

agraement with the value 5 percent found in the spectromster,

6. Calibration of Gemma Ray Counter for AutB

. emtes o b o

¥Yhen enough absorber is placed betweon the source and the beta counter
(Fig. 2), so that no comversion electroms but only the harder beta rays can enter
the coumnter, Eqs. (l;) may be applied to the observations with minor corrections.
The counting rate of the beta counter (La) must be corrected for the effect of the
ganma rays on this counter; this also gives rise to a very small term of gamma-
gamme coincidences in RBg. (4c). Pinally, instead of 5,6 in BEqs. (Lb) and (Le),
we should use Y)Z the total average efficiency for detecting {1,52, or the

X~rays accompanying the internal conversion. By Eg. (5b)
Ny = (1"9‘1)'52{ + (1"512)56 + (ay+85) &
' 1 2

This is, however, a purely formal change since T)B is the very efficiency we

1

fact, the term in ey constitutes over 95 percent of the total since the other,
1

wish to determine and enters into the squation just as does in Bgs. Lo 1In

very soft, radiations aro strongly absorbed in the counter wall. In the follow=

ing we show a typical set of data, expressed in counts per minute,

APPROVED FOR PUBLI C RELEASE
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Béta counter A Goinoidences
Total ny 10700 Total
Gammas 700 Chence
Background 30 Gamma.-gamme.
Net ng 9970 + 300 Cosmic Ray etc.

Mot D(ga,

Gamnme. counter

Total x% 1103

Background 55
Net n,or W48 £1i5

12,320+ 0,3

1l £ 0.2
0,10%0,1

0,7k £ 0,07
10,0 £ 0.4

Ny e npz/nﬂ = (1.00%0,05) x 1072

Absorber; 158 mg/cm2 Al

Several runs were made with various source strengths and absorber thicknesses.

Altogether 10,000 coincidences were counted, The final result is

Y\X = (1,00% 0,02) x 10~

The observed spread of the date was consistent with the caloulated counting statise

tica,

7. Calibration of Beta Ray Counter for Aul%®

~— oy

Because the sources used in the final cross section measurements were

rather weak it was necessary to calibrate the beta ray counters without absorber.

The efficiency desired is not ('.(3 entering the coincidence equations but V}B »

ineluding the effects of beta rays, conversion electrons and gamma rays on the

beta counter. This quantity is obtained by comparing the counting rate produced
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by the same source in the calibrated gamma counter and in the beta counter., How-
ever, since these two counting rates differ by a factor of about 200 it was nec-
essary to use intermediate steps, in which the counter was calibrated with absorb-
ers and then a weaker source used to compare the efficiency with and without ab-
gorbar. As an altermate procedure the same source was counted firat in the gonma
ray counter and then allowed to decay until it could be counted in the beta ray
counter., This involves accurate knowledge of the decay comnstant. The main source
of error in these measurements is the difficulty in replacing the source accurate=
ly in the holder., The thin leaves used are not always perfectly flat. Also their
thickness varies by as much as 15 percent in manufacture. Therefore the observ-
ed spread of the data was used instead of the calculated counting error. The
counter shown in Fig. 2 was calibrated for sources of about 5 mg/om2 baoked
elther by a microscope cover slip (‘.}g) or by sellophane tape C'U‘ Another,
similar counter, c¢alled counter B, was calibrated for the same sources with cel~
lophane backing. The result, allowing also for the probable error in the primary

gamma ray calibration, is

- [ 4 - t ' - o
*\g 0.206 '+ 0,008, M ® 0,178 £ 0,008, *‘b 0.250 £ 0,012
The difference between Y\g and Y‘c is due to reflection of the beta rays by
the glass and, possibly to a slightly different location of the source with the
two types of mounting,

8. Disintegration Scheme of Mn56

Fig. 1C shows the disintegration scheme given by Elliott and Deutsch 10) °

10) Elliott and Deutsch, Phys. Rev., &4, 321 (1g43).

N T
_N_—-——
————
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Experiments leading to its establighment and references to other papers are

-

given by theae authors.

G. Calibration of Gamma Counter for Mr 56

-

Viriting Bqs. (5) for the disintegration scheme of Mnsé we obtain

=n(f b, + £ 6 + £, ¢ £.6, t e, 6, 42, € 7
B o= B0 6 2R, 3(33)“'“0(13'1 27y, 33’37 (72)

- v K 9 - n 7o
ny = no(fl € 0,1-(»1'2 e..xgi' €x5) o‘qb, ‘( )

n

oo = %o [ S0 (€3 ¢ S B S el ¢ ) e 8y, |
¢ (] v' ) e
=T ™Y

Acoording to Fig. 1C, £3 = 0,15, fp = 0.25, f3 = 0.60. As in the
case of gold, the second term in {7a) and in (7c) is due to the effect of gamma
rays on the beta counter and can be corrected for by observations in. which sufe
ficient absorber is used to remove all of the beta rays. The three €g4°s
will depend on the amount of absorber and on the source thiokness. VWhen & very
thin source and no absorber is used the three efficiencies become equal. In

this case we may write, dropping the gamma ray terms, which can be corrected for

nl = no E{?

Pooine n/3'6 = % GPY)'J' or

APPROVED FOR PUBLI C RELEASE -
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Figo 3 shows the value of nﬂT ny for various absorbers. The value for zero
thickness is obtained by extrapolating. The value obtained is 2.45 x 1075 * 2%,
The source consisted of a thin (about 3 mg/bm?) film of Mn electroplated on 1 mil
silver foil., The smell mactivity of the foil was corrected for in all measurements,
There is a slight cofrection to the value of jz because of the reflection of
the beta rays by the backing. This correction was estimated as follows. It was
found that a 1 mil silver foil absorbs about 20 percent of all the beta rays from
the source. We assume that the absorption for the three groups varies 1) as
E?1°33 and that 80 percent of the absorption of the Pl is due to back backscatter«
ing, and 60 percent in the case of the two soft spectra. The result is not very
sonsitive to these assumptions., From the curve Fig. 3 it appears that the gamma
rays acoompanying the soft spsoctra are counted about three times as efficiently
ag ‘65 alone, Thus we calculate that the correction duevto backscattering is

3 % 1 percent., Thus we get

V” = 2,37 x 1072 % 34

The beta ray counter wasa not calibrated because the mources which were used for
the cross section determination were strong enocugh to bs counted on the pmmma ray

counter, They consisted of rolled manganese foil 100 mg/bma thick,

10, Calibration by means of 1.3
Before the cslibration by means of the coincidence method was attempted,

the counter refsrred to above as counter B was calibrated by counting a weighed

11) Evans, R. D. = Introduction to the Atomic Nucleus = MIT lLecture Notes.
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amount {about 20 mg) of uranium. We assume that the uranium is in equilibrium
with UXp and that the UX, beta raye ure the only ones counted. Using the value

12)

of 25010 (i/sec gm givon by Kovarik and Adems of which 1.9 percent is due to

25 13)

, we find that there are 12,220 £ /sec gm of uranium. Using this value it
was found that counter B was 0,260 efficient for Ux2 beta particles. Siooe
these are quite energetic and both source and counter window sre thin, it was as-
sumod that absorption corrections were negligible in this case., In the case of
Aulga corrections were made both for absorption in the window and in the source.
These corrections were made from thickneas vs counting rate curves obtainsd in
the geometry actually used, In this way an efficiency of 0,256 was found for
Aulge beta rays, To this we must add the mumber of conversion electrons, taken

to be 6 percent of the beta rays (Section 5). Thus we find = 0,250, in
Y B

excellent ugreement with the value obtained by coincidence measurements (Section 6).

Co FISSION COUNTING

11, Apparatua

Fig. L, shows a diagram of the ionization chamber used. FThis chamber
was placed in the carbon column about 6 feet from the cyclotron. The cadmium
ratlo both for indium and for fission detectors was several thousand., The cham-
ber was placed so that the active deposit faced away from the neutroa source, the

radioective monitor foils being closer to the source. It is known that the neutron

12) Eovarik and Adams, J. Appl. Phys., 12, 296 (1941).

13) Prisch, 0. R., Private communication.
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flux is about twice as strong outward from the source as imward, One run wasg
taken in which a gold foil was placed on the back side of the steel high-voltage
alootrode, between it and the Pt foil supporting the U deposit, in order to
detect aﬁy po;sible effect due to absorption by the steel cup, There was no
significant difference between the result of this run and others in vhich the
foil was placed on the other side of the cup. The chamber was filled with ni-
trogen at a pressure of GO cm Hg. A curve of counting rate vs gain is shown in
Fig. 5; the operating gain was 12 mV. The plateau appears quite flat and we
assume that virtuelly every fission particle which emerges from the source is
counted,

12, Yraniun Sam“g_lqs

Most of the measurements were takon with the enriched sample Mgl7B8
whose 25 content was determined by Q. Chamberlain to be (99It 2) x 10'='6 gn, by
comparing the number of slow neutron induced fissions with the number induced
in a sample of RBl0 mnaterial,

One run each was taken with the highly enriched (707%) ssmple ESD,
anelyzed by Mr. Chamberlain te contain (7.60 t-OoiS) x 107k gm of 25, and with
a sample of normel alloy, EN) whose 25 content was deduced from the total
alpha count to be 4.80 x lO'=6 gmn. The superficial density of all three films
was very nearly the same, namely about 0,15 x 10“3 gm of Usoe/bmzo For a film
of this thickness we can mako‘a correction for the fraction of the fission {rag-
ments which fail to escape from the deposit. This fraction will be t/2R where

t is the thickness (in gm/%ma) of the deposit and R is the range of the frag-
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ments in the same units, Using the measuranents by Segre and ¥Wiegand we

find that the thickness correction of our deposits is (1.8 kt 0.5)%.

Do RESULTS

13, Measurement of (op/o} J4v

The procedurs in comparing the two cross sections was as follows: One
or two gold foils were placed in the chamber (Fig. L;), close to the 25 foil, In
twé runs the monitor foils weie shielded by other, heavier, gold foils to elimi-~
nate any possible effect of resonance neutrons, as indicated in Table I, It is
seen that no significant change was observed. In the case of run # the shield-
ing was Bso heuv& that it may conceivably h&ve disturbed the nsutron flux, Run
#6 was made in an aluminum chamber, kindly loaned to us by R. R. Wilson. The
plaetsau of this chamber was not investigated as carefully as that of our steel
chamber, The chamber was then exposed in the carbon coluwun for about two hours,
during which time sample Mgl7B8 gave about 1.6 x 107 fissions, The sample EN1
of normal alloy gave only l,000 counts.

Two thicknesses of gold leaf were used. One was pure gold leaf of
about 10 mg/bm?, the other was 23 karat, about § mg/bmao The impurity in the
latter was determined spectroscopically to be copper and silver., The short 1life
of the silver activity and the small cross section of Cu allowed us to nsgleat
any effect due to thess on the activity but they had to be taken into account in
determining the mass of gold used, The leaves were weighed and counted on one

or both of the calibrated counters and with or without glass backing, The prob-

1) Segre and Wiegand, LA=&l. : _ ——
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able error assigned to the various wmeasurementa in Table I depends on the number

of foils and the numbar of independent counts taken. Because the exposure time
was only about 2 percent of the mean life of Aulgs, we can use Eq, {3c) in con~
junction with Eq. (2). We write Np = ngT for the total number of f counts
during the exposure time T, Thus, using M25 and MAu to denote the mass of 25

and gold used respectively, we have

(03/Fu)tn = 197 Mpg Be € M1-4 AT)/n'235 M, Vg %

We use A = (1,78 % 0.02) x 1074 min™? (Seotion 2), &, = 0.96 % 0.005 (Sec-
tion 12)., The error in Nf is negligible except in run #5 where it was X 2%,
The counting error in n., the decay rate after bombardment, varies between
1,5% and 3% in the six runs, uAu was weighed to about X 1%, The average error
in f)P was teken to be X 1% (Section 7) although it varied somsvhat between the
several runs, depending on whether one or more foils were counted and on which
counter was used, In calculating the probable error of the average (a;./ozu) in
Table I account was taken of the fact that the errors in )\, ef, r]@ and (for

the first four runs) M25 do not average out in the several runs but remain con-

stant. The value of the average is

(a;,/o:‘:u)t}1 = 5.37% 0,32

1. Measurement of (0}/ °fdn)§ljx

Measurements with manganese were performed exactly as those with gold.
The foils were 100 mg/cm2 and were counted on the gamma ray counter., Because of

the shorter mean life of Mn56, Eq. (2) must be used with Eq. (3b). Thus

(oi'/%n)th = 54.9 ¥og Bp & [laexp (- xl')]/"aﬁ Yy 1) (9)
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The error in A is negligible in this ocase, as is the error in Mun" becausa
of the greater weight involved., The probable error in *\'6 is ¥ 3% (Section 9).
. The other errors are the same as in Section 13, The average, calculated as in

the ocase of gold, is

(Oi'/%n)th = 14201 "_': 3.,0

15, Calculation of (df)ld' end radistive capture by 25

In order to calculate the value of of for neutrons of 2200 n/sec
velocity we must take into sccount the deviation of oz‘ from the 1/v law found -
by McDapiel et al 3). Prom his results we find (o’fv)k,r = 1,025 —&‘;;' * 24 for
a Maxwellian distribution and room temperature of the neutrons. Thus
(Vf/oiu)k‘r = 5.51 £ 0,35 and, using (o )ip = (9h £ 2) x 10~k on® (Section 2),
we find (o )y = (518 t35) x 102 onf,

Similarly from the value of (u}/o-{m) given above we calculate, using

(°ﬁn)k:r = 13 x 107 o2 10% (Section 2),

(ophep = (561 % 60) x 1072 o
or, as an average
() = (526%30) x 1072 on?

Here we weight the two values according to the accuracy of the abéorption cross
sections (i.e: 1:5) rather than the total probable errors since much of the
latter, e.g. the error in M25, is common to both determinations. This compares

with the value (445 ¥ 16) x 10" p? for the absorption cross section (Section 1),
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The ratio of the two values is

1 -+ dl o= 102 -:--I 0008
The excesas

(bl = 0.23 + 0,08

is presumably due %o a competing process, probably radiative capture ‘by 25, or

concaivably, by 24,

TABLE I
Run Sample Mas//'“g (ui‘/oku)th Position of foil
1 ¥gl7nd 99 5.27%0.35 Directly under 25 sample
2 " " . 5039%0.35 In steel cup
3 " " 5.43 0,35 50 mg/om2 gold shield
L " o 5,71% 0.2 150 mg/on®
5 EN 1 5.17X 0,50 In cup
6 E5D 760 5.20%£ 0,50 In Al chamber
Average 5.37%0.32
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TABLE II

Run Semple ”25 (oé/bﬁn)th

1 Mgl7B8 9 Li.6%2.5

2 " n baoé .-':205
Average y2.t2

TABLE I1II

SUMMARY OF PROBABLE ERRORS IN INDIVIDUAL RUNS AND IN CALCULATIONS

Quentity Symbol t z

Mess of 25 M25 e
Mass of gold MAU. 1
'ghickness sorrection ¢ 0.5
or £ foil £

£ éount Nf negligible
Gold decay. constent >‘Au 1
Bota count n* 1.5 = 3
Counter efficiency ‘)@ L
Gold crogs section ciu

25 total cross section 0:3(25) 2,5
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